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0 Method and apparatus for treating material by using plasma. 



@ A sputter etching apparatus comprises a vacuum 
chamber (1) provided with a gas supply system (4) 
and an evacuator (3). a sputter etching electrode (6) 
disposed within the vacuum chamber (1) on which a 
substrate (5) is disposed, a plasma generator (2) for 
-^generating plasma (15; 20) by applying microwave 
21 energy and disposed In opposition to tiie sputter 
etching electrode (6), a voltage applying stud (9) 
^.provided in association with the sputter etching elec- 
^trode (6) for causing tons in the plasma to impact 
against the substrate (5), a first power supply source 
S(10) provided in association with the plasma gener- 
^ator (2) for generating tiie plasma, and a second 
power supply source (8) provided independent of the 
^first power supply source (10) for supplying tiie 
voltage for causing ttie Ions to impact against ttie 
substrate (5). 
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METHOD AND APPARATUS FOR TREATING MATERIAL BY USING PLASMA 



BACKGROUND OF THE INVENTION 

The present invention relates in general to a 
method and apparatus for treating a material such 
as substrate, wafer or the like by utilizing a plasma. 
More particularly, the present invention is con- 
cerned with a method and apparatus for etching a 
substrate by sputtering at a high speed by utilizing 
a plasma without damaging or injuring the sub- 
strate. The invention is further concerned with a 
method and apparatus for depositing a film by a 
plasma CVO process at a high speed. 

There is known in the prior art such a sputter 
etching apparatus in which an etching electrode 
having a substrate disposed thereon is mounted 
within a vacuum chamber. By applying a high- 
frequency power to the electrode, a plasma is 
produced over the substrate, wherein ions in the 
plasma are caused to impact against the substrate 
under acceleration by the electric field generated 
under the potential appearing on the substrate, 
whereby the latter is etched by the sputtering. With 
this structure of the sputter etching apparatus, how- 
ever, the plasma produced over or above the sub- 
strate is of a low density, as the result of which the 
sputter etching can proceed only at a low speed. 
When the high-frequency power applied to the 
etching electrode is Increased in an effort to speed- 
ing up the sputter etching, the ions will then impact 
against the substrate with increased energy be- 
cause of a high voltage appearing on the electrode 
and substrate, giving rise to the possibility of the 
substrate being undesirably damaged or injured. 
As a means of increasing the sputter etching rate 
or speed with energy of the ions bombarding the 
substrate being maintained at a low level, there can 
be mentioned a method which is in Japanese Pat- 
ent Application Laid-Open No. 74436/1985 (JP-A- 
60-74436). According to this known proposal, a 
plasma produced by applying a high-frequency 
power to the etching electrode is confined within a 
delimited space over the substrate by using a 
floating electrode in combination with a magnet for 
the purpose of preventing the plasma from diffus- 
ing radially outwardly while increasing the number 
of ions in the plasma and hence the density there- 
of. With this arrangement, the voltage making ap- 
pearance on the etching electrode can certainly be 
prevented from being increased relative to the 
power applied to the electrode. It is however noted 
that the increase in the density of plasma is not 
proportional to the increase In the power applied to 
the etching electrode at a definite one-to-one ratio. 
Consequently, when the applied high-frequency 



power is increased in order to further speed up the 
etching, the voltage appearing on the electrode is 
increased to such an extent that damage or injury 
can occur in the substrate to a problem. 
5 Another plasma treatment apparatus of the pri- 

or art is disclosed in JP-A-57-26441 . In the case of 
this known apparatus, there is provided in combina- 
tion with the reaction chamber a preliminary excita- 
tion chamber into which only a gas difficult to 
to activate is supplied for preliminary excitation, the 
gas thus activated being then introduced into the 
reaction chamber together with a gas easy to ac- 
tivate. In this way. concentration of the activated 
gases which partake straightforwardly in the forme- 
rs tion of a film can be increased without need for 
applying a high power to the electrode within the 
reaction chamber, whereby the material to be treat- 
ed such as substrate can be protected against 
damage or injury. Besides, by regulating the elec* 
20 trie power supplied to the preliminary excitation 
chamber and the reaction chamber, the ratio of 
composition of the film formed by deposition can 
be controlled for ensuring a high quality of the film. 
However, this known apparatus suffers from a shor- 
25 tcoming that the activation of the gas difficult to 
activate is inadequate because excitation of the gas 
of this species relies on the high-frequency dis- 
charge. 

A further plasma treatment method in the prior 

30 art is disclosed in J P-A-57- 167631. According to 
this known technique, the preliminary excitation of 
a reactant gas is realized by utilizing microwave 
energy. By using a microwave (usually having a 
frequency of 2.45 GHz) in place of a high-fre- 

35 quency microwave (normally of 13.56 MHz) as 
proposed, the plasma density is increased by one 
to two orders of magnitude (approximately up to 
lO'V^cm^) because the ratio at which the reactant 
gas is excited due to impact of electrons in the 

40 plasma is increased, whereby concentration of the 
activated gas is enhanced. 

However, in the case of the known apparatus 
just mentioned above, a long distance intervenes 
between the activating chamber and the reaction 

45 chamfc)er. Besides, a passage for introducing the 
activated gas into the reaction chamber is provided 
at an offset position. Consequently, difficulty is 
encountered in introducing the gas activated 
through the preliminary excitation onto a substrate 

so under treatment uniformly without lowering con- 
centration of the activated gas. Such being the 
circumstances, it is difficult to carry out the treat- 
ment uniformly at a high speed, although it is 
admitted that a film of improved quality can be 
formed on the substrate. 
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As will be seen from the above discussion, 
according to the prior art techniques, neither en- 
devour not consideration is paid to the uniform 
formation of a high quality film on a substrate at a 
high speed without injuring the substrate.. In other 
words, according to the known techniques such as 
mentioned above, degradation will result in the 
quality and/or uniformity of the film as formed when 
the treating rate or speed is increased. To say in 
another way. an attempt for forming a uniform film 
of high quality is inevitably accompanied with 
iowenng in the treating speed In the case of the 
hitherto l<nown techniques. 



SUMMARY OF THE INVENTION 

It is therefore a first object of the present 
invention to provide a sputter etching method and 
apparatus capable of maJ<ing available a plasma 
having a high and uniform density for allowing the 
etching of a substrate to be carried out at a high 
speed owing to a reliable and simple mechanism 
without damaging the substrate by providing power 
supply sources separately for generation of the 
plasma on one hand and for the voltage causing 
ions in the plasma to impact against the substrate 
on the other hand, which power supply sources are 
thus adapted to be controlled independent of each 
other. 

A second object of the present invention is to 
proyldB a plasma treatment method and apparatus 
capable of forming a film of high quality uniformly 
on a substrate by plasma CVD process at high 
speed while avoiding damage of the substrate giv- 
en by the plasma. 

In view of the first object mentioned above, it is 
proposed according to a first aspect of the inven- 
tion that a plasma generating means is provided in 
opposition to an etching electrode which is moun- 
ted within a vacuum chamber and on which a 
substrate is disposed. By utilizing microwave en- 
ergy i^'Q' a microwave having a frequency of 2.45 
QIHz), a plasma of a high density is produced over 
the substrate, wherein ions in the plasma are caus- 
ed to impact against the substrate under action of a 
voltage appearing on the substrate by applying a 
high frequency power to the* etching electrode. 
More specifically, the plasma generating means for 
producing the plasma through excitation by using 
microwave energy is constituted by a microwave 
generating source, a cavity and a microwave injec- 
tion window, wherein a matching means is provided 
within the cavity for operating it as a cavity resona- 
tor for the microwave. The cavity may be imple- 
mented In a coaxial structure and so dimensioned 
that the microwave can assume an axis-symmetri- 
cal mode witiiin tine cavity. The microwave injection 



window serves for two functions: first, it serves as a 
partition wall constituting a part of a vacuum cham- 
ber for partitioning the tatter from the cavity, and 
second, it serves as a window for radiating or 

5 injecting the microwave into the vacuum chamber 
from the cavity. To ttiis end, the microwave injec- 
tion window is formed of an electrically insulating 
material capable of scarcely absorbing microwave 
energy and impermeable to gases. 8y way of 

10 example, the microwave injection window may be 
made of quartz, alumina or other ceramics. The 
cavity resonator may be either of coaxial or rectan- 
gular configuration, not to speak of a circular con- 
figuration, as is well known in the art. It is however 

fS preferred to implement the cavity resonator In a 
circular configuration of coaxial type In view of 
ease in obtaining a plasma of uniform density dis- 
tribution over the etching electrode. When the sub- 
strate to be etched is an electrically insulating 

20 material, it is indispensable to apply a high-fre- 
quency (radio-frequency) power to the etching 
electrode. However, in the case where the sub- 
strate to be treated is made of an electrically 
conductive material such as a metal, a 00 power 

25 supply source may be used in place of the high- 
frequency power supply source. 

With the structure of the plasma generating 
means composed of the microwave generating 
source, the cavity, the matching means for allowing 

30 the microwave to enter the cavity effectively and 
the microwave injection window through which mi- 
crowave energy is introduced into the vacuum 
chamber as described above, the microwave gen- 
erated by the microwave generating source and 

35 guided to Uie cavity through a suitable wave guide 
can be effectively introduced into the cavity by 
operating the cavity as the cavity resonator for the 
microwave of concern with tiie aid of the matching 
means. Subsequentiy, the microwave is introduced 

40 into tiie vacuum chamber through the mlcrowave- 
transmissive injection window to ionize an atmo- 
spheric gas (e.g. Ar gas) within the vacuum cham- 
ber for thereby producing a plasma. In this con- 
junction, it should be noted that the microwave 

45 transfers energy thereof to the plasma in the 
course of propagation therethrough, as the result of 
which ttie plasma of increased density is made 
available. By way of example; with the microwave 
having a frequency of 2.45 GHz, a plasma density 

so on tiie order of 7.4 x 10^°/cm^ can be achieved. 
Further, by dimensioning the cavity in such a con- 
figuration tiiat the axis-symmetrical mode of the 
microwave prevails within the cavity or adopting 
the coaxial conduit configuration, there can be pro- 

55 duced a plasma exhibiting a high uniformity of 
density. 

A sut>strate to be ti-eated is disposed on the 
etching electrode over which the high-density plas- 
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ma produced by the plasma generating means in 
the manner descrit)ed above prevails, wherein a 
high-frequency power (usually at a frequency of 
100 kHz to 100 MHz) is applied to the etching 
electrode from the high-frequency power supply s 
source connected thereto. A high voltage thus mak- 
ing appearance on the surface of the substrate 
disposed on the etching electrode causes ions in 
the plasma to impact against the substrate, where- 
by etching is carried out by the sputtering. By io 
providing the power supply sources separately for 
producing the plasma on one hand and for generat- 
ing the voltage for causing the ions to impact 
against the substrate, respectively, as described 
above, the density of the plasma as produced and rs 
energy with which the ions in the plasma bombard 
the substrate can be separately controlled indepen- 
dent of each other. Since the plasma can be pro- 
duced with a high density by microwave energy in 
this manner, the sputter etching can be carried out 20 
at an increased rate without injuring the substrate. 
As mentioned hereinbefore, although the high-fre- 
quency power supply source is indispensably re- 
quired in the application where the material to be 
etched by sputtering is of an electrically insulating 25 
material, it should be understood that a DC power 
supply source may be employed when the sub- 
strate is made of an electrically conductive material 
such as a metal. 

In view of the first object mentioned above, it is 30 
proposed according to another aspect of the 
present invention that in a sputter etching appara- 
tus which comprises the vacuum chamber 
equipped with a gas supply system and an evacua- 
tor. the sputter etching electrode disposed within js 
the vacuum chamber for supporting thereon a sub- 
strate to be treated, the plasma generating means 
for producing a plasma through excitation by mi- 
crowave energy, the cavity of the plasma generat- 
ing cavity being disposed on the vacuum chamber 40 
in opposition to the substrate with the microwave 
injection window being interposed between the 
plasma generating cavity and the vacuum cham- 
ber, the voltage applying means provided in asso- 
ciation with the sputter etching electrode for caus- 45 
ing ions in the plasma to impact against the sub- 
strate, the power supply source provided in associ- 
ation with the plasma generating means, and the 
second powe** >Jpply source provided independent 
of the first power supply source for supplying the so 
voltage for causing the ions in the plasma to im- 
pact against the substrate, there is provided mag- 
netic field generating means for generating a mag- 
netic field in such a manner in which the plasma 
produced within a space defined between the sub- 55 
strate and the microwave injection window is pe- 
ripherally surrounded by magnetic lines of force. 
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The magnetic field generating means may be im- 
plemented in various structures mentioned below 
according to further features of the present inven- 
tion. 

<1) A ring-like array of juxtaposed magnets 
which are magnetized in the radial direction with 
polarities thereof being alternately inverted from 
one to another along the circumferential direction. 

(2) An array of paired ring-like magnets one 
of which is disposed on the side of the microwave 
injection window with the other being disposed on 
the side of the etching electrode. 

(3) An array of the paired ring-tike magnets 
mentioned above in which the magnets are how- 
ever constituted by coils, respectively. 

(4) An array of the paired ring-like coils 
mentioned above which are arranged to conduct 
respective electric currents in the directions op- 
posite to each other. 

(5) An aray of the paired ring-like coils 
mentioned above which are arranged to conduct 
respective electric currents in a same direction. 

(6) An array of the paired ring-like magnets 
mentioned aibove in which the magnets are con- 
stituted by permanent magnets, respectively. 

(7) An array of the paired ring-like perma- 
nent magnets mentioned above in which the per- 
manent magnets are magnetized circumferentially 
in the directions opposite to each other. 

(8) An array of the paired ring- like perma- 
nent magnets mentioned above in which the per- 
manent magnets are magnetized thicknesswise in 
the directions opposite to each other. 

(9) An array of the paired ring-like perma- 
nent magnets mentioned above in which the per- 
manent magnets are radially magnetized in the 
directions opposite to each other. 

When the magnetic field generating means is 
constituted by coil(s), the latter may be realized by 
using a superconductor so that a current can flow 
therethrough permanentiy for generating a highly 
stable magnetic field. The magnetic field for confin- 
ing stably the plasma should preferably be of a 
cups-iike profile. 

The power applied to the etching electrode is 
usually of a high-frequency power having a fre- 
quency in the range of 100 kHz to 100 MHz. 
However, when the substrate for treatment is made 
of an electrically conductive material, the power 
applied to the etching electrode may be a DC 
power. It goes without saying that the application of 
high-frequency power is indispensable when the 
substrate is of an electrically insulating material. 

By virtue of disposition of the magnetic field 
generating means in such a manner as to enclose 
the plasma around the periphery thereof, the plas- 
ma is confined within a space above the substrate 
by the magnetic field produced by the magnetic 
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field generating means, whereby the plasma is 
positively prevented from diffusing radially outward- 
ly. Thus, the plasma is maintained stably at a high 
density substantially Independent of Uie pressure 
within the vacuum chamber. 

In this way, the etching electrode having the 
substrate disposed thereon is positioned below the 
high-density plasma produced by the above men- 
tioned plasma generating means, wherein the high- 
frequency power (generally of a frequency in the 
range of 100 kHz to 100 MHz) is applied to the 
etching electrode by connecting thereto the high- 
frequency power supply source. Under the voltage 
thus making appearance on the surface of the 
substrate disposed on the etching electrode, ions 
in the plasma are caused to impact against the 
substrate, as the result of which the substrate is 

I etched by sputtering. Because of provision of sepa- 

rate power supply sources for the plasma genera- 
tion and the ion acceleration for the sputter etching, 
respectively, the plasma density and energy at 
which ions bombard the substrate can be sepa- 
rately controlled independent of each other. Further 
due to high density of the plasma generated 
through excitation by the microwave, the sputter 
etching can be achieved at a high etching speed 
without damaging the substrate. 

In view of the second object mentioned pre- 
viously, there Is provided according to a second 
aspect of the present invention a plasma treatment 
apparatus which comprises two chambers partition- 
ed from each other, i.e. an activating chamber 
provided with . plasma generating means and a re- 
action chamber having an electrode for disposing 
thereon a substrate (a material to be treated), 
wherein a reactant gas difficult to excite is ac- 
tivated in the activating chamber by the plasma 
produced through excitation by the microwave and 

) fed onto the substrate through a plurality of first 

small holes formed in a partition plate disposed at 
the boundary between the activating chamber and 
the reaction chamber, while a reactant gas easy to 
activate is supplied onto tiie substrate through a 
passage and a plurality of second small holes 
formed in tiie partition plate to be activated by a 
plasma produced over the substrate. In this way. 
the plasma treatment apparatus includes the ac- 
tivating chamber and the reaction chamber contain- 
ing the substrate. In the activating chamber, plas- 
ma of high density on ttie order of 7.4 x 10'°/cm^ 
can be produced by application of the microwave 
energy. However, because of absence of any mag- 
netic field, tiie microwave can no more propagate 
through the plasma when the density thereof has 
attained the abovementioned value but encounter 
reflection at the surface of the plasma, tiius making 
it impossible to further increase ttie plasma den- 
sity. Accordingly, it is taught by the invention tfiat a 



microwave introducing member is implemented in 
a convex-like projecting structure with a view to 
increasing the area over which the microwave is 
brought into contact with the plasma to thereby 

5 increase the volume of tiie plasma. Further, by 
dimensioning the activating chamber so as to sat- 
isfy the conditions for resonance, ignition of the 
plasma as well as generation thereof can be facili- 
tated, whereby the reactant gas difficult to activate 

10 which Is introduced into the activating chamber can 
be activated to a high concentration as desired. 

The flat plate or wall provided between the 
activating chamber and the reaction chamber is so 
implemented as to be capable of supplying uni- 

15 formly both the activation-difficult gas activated in 
the activating chamber and the activation-easy gas 
to the substrate. In this conjunction, the distance 
between the activating chamber and the substrate 
may preferably be so shortened that the activated 

20 gas can be fed uniformly onto the substirate without 
lowering the concentration thereof. To this end, the 
partitioning plate or wall is so positioned that the 
gas blow-out holes face toward the substrate with 
tiie activating chamber being disposed In opposi- 

25 tion to the substrate through interposition of the 
partitioning wall therebetween. 

The gas activated in the activating chamber is 
a gas which is difficult to activate. On the other 
hand, the gas easy to activate is sti'aightfonvardly 

30 supplied to the reaction chamber without passing 
through the activating chamber to . be activated 
within the reaction chamber by the plasma pro- 
duced over the substrate through excitation by a 
low power of high frequency applied to the sub- 

35 strate. For realizing the uniform supply or Introduc- 
tion of the activation-easy gas over the substrate, 
the partitioning plate or wall is provided with small 
holes alternately with Unose communicated with the 
activating chamber. 

40 With the anrangement described above, con- 
centration of tiie activated gas which is difficult to 
activate can be increased independent of the gas 
easy to activate and fed uniformly onto the sub- 
strate without lowering the concentration. On the 

45 other hand, the gas easy to activate Is activated 
only by the plasma of low energy produced over 
the substrate through excitation by the low power 
of high frequency applied to the substrate. In this 
way. it is possible to control appropriately the ratio 

50 of concentrations of plural reactant gases, whereby 
a film can be formed at a high speed without 
deteriorating the quality thereof. Further, the gases 
can be supplied uniformly over the substrate by 
means of Uie boundary plate or wall provided with 

55 pluralities of blow-out holes of small diameters sep- 
arately for both the gases. 

In the reaction chamber, the gas easy to ac- 
tivate charged from the associated blow-out holes 
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formed in the partitioning wall mentioned above is 
activated by the plasma of low density produced 
over the substrate to undergo reaction with the 
activated gas supplied from the activating chamber, 
whereby a film is deposited over the exposed 
surface of the film. 

Now. it will be appreciated that the reactant 
gases can be activated by respective associated 
plasmas Independent of each other, whereby the 
activated gases can be fed uniformly toward the 
substrate with high efficiency. In this way. a film of 
high quality can be formed over the substrate at a 
high speed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 shows in a partially sectioned side 
elevational view a sputter etching apparatus ac- 
cording to a first embodiment of the present inven- 
tion; 

Rg. 2 shows in a partially sectioned side 
elevational view a sputter etching apparatus ac- 
cording to a second embodiment of the invention: 

Rg. 3 is a view for graphically illustrating 
relationship between the etching rate and the high- 
frequency power in the sputter etching apparatus 
according to the invention comparatively with that 
of the prior art apparatus; 

Fig. 4 shows in a partially sectioned side 
elevational view a sputter etching apparatus ac- 
cording to a third embodiment of the present inven- 
tion; 

Rg. 5 is a plan view of a ring-like magnet 
array employed as the magnetic field generating 
means for confining a plasma within a defined 
space in the sputter etching apparatus shown in 
Rg. 4: 

Rg. 6 shows in a partially sectioned side 
elevational view a sputter etching apparatus ac- 
cording to a fourth embodiment of the invention: 

Rg: 7 shows in a partially sectioned side 
elevational view a sputter etching apparatus ac- 
cording to a fifth embodiment of the invention; 

Fig. 8 shows in a partially sectioned side 
elevational view a sputter etching apparatus ac- 
cording to a sixth embodiment of the invention; 

Rg. 9 shows in a partially sectioned side 
elevations! view a sputter etching apparatus ac- 
cording to a seventh embodiment of the invention: 

Rg. 10 shows in a partially sectioned side 
elevational view a sputter etching apparatus ac- 
cording to an eighth embodiment of the invention; 

Rg. 11 is a view for graphically illustrating 
relations between the etching rate and the distance 
from the center of a substrate in the sputter etching 



apparatus equipped with a plasma confining mag- 
net system comparatively with the apparatus with- 
out such magnet system: 

Rg. 12 is a view for graphically illustrating 
5 relations between the etching rate and the high- 
frequency power in the sputter etching apparatus 
according to the present invention comparatively 
with that of the prior art apparatus: 

Fig. 13 shows in a partially sectioned side 
to elevational view a plasma treatment apparatus ac- 
cording to a ninth embodiment of the -nvention; 

Fig. 14 is a bottom plan view showing a 
structure of a partitioning plate disposed at the 
boundary between an activating chamber and a 
15 reaction chamber of the apparatus shown in Fig. 
1 3; and 

Rg. 15 shows in a partially sectioned side 
elevational view a plasma treatment apparatus ac- 
cording to a tenth embodiment of the present tn- 
20 vention. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

25 

Now. the invention will be described in detail in 
conjunction with prefenred and exemplary embodi- 
ments thereof by reference to the drawings. 

Fig. 1 shows a sputter etching apparatus ac- 

30 cording to a first embodiment of the present inven- 
tion. As will be seen in the figure, the sputter 
etching apparatus comprises as primary compo- 
nents thereof a vacuum cell or chamber 1, a plas- 
ma generating unit 2. an evacuating system 3 and 

35 a gas supply system 4. There is disposed fixedly 
within the vacuum chamber 1 an etching electrode 
6 tiirough an interposed flange 7 which serves for 
electrically insulating the electrode 6 from the 
vacuum chamber 1 in a vacuum-tight manner. A 

40 substrate 5 is disposed on the top of the electrode 
6. The etching electrode 6 has a supporting stud 9 
having a lower end extending outwardly from the 
vacuum chamber 1 and connected electrically to a 
power supply source 8. The plasma generating unit 

45 2 in turn is composed of a microwave generating 
source 10. a waveguide 1 1. a cavity 12. a matching 
element 13 and an inlet window 14 which may be 
formed of a quartz plate. 

With the structure of the sputter etching ap- 

50 paratus described above, a microwave is generated 
through oscillation of the microwave generating 
source 10 to be fed into tiie cavity 12 by way of 
the waveguide 11. Through adjustment by means 
of the matching element 13. there can be estab- 

55 lished the conditions required for the cavity 12 to 
function as tiie cavity resonator for the microwave 
applied thereto. Thus, the electric field of the mi- 
crowave within the cavity 12 is intensified. The 
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microwave is then introduced into the vacuum 
chamber 1 through the Injection window 14, as the 
result of which the atmospheric gas within the 
vacuum chamber 1 supplied from the gas supply 
system 4 is ionized, whereby plasma 15 is pro- 
duced. The plasma 15 has a density which can be 
controlled by the power of the microwave up to a 
limit value at which the microwave can no more 
supply energy to the plasma 15 In the course of 
propagation therethrough (e.g. up to the density of 
7.4 X lO'*"cm^ at the microwave frequency of 2.45 
GHz). Ions within the plasma 15 thus produced are 
accelerated under the influence of a high-frequency 
power applied to the substrate 5 from the power 
supply source 8 through the etching electrode 6 
connected thereto, whereby the accelerated ions 
are caused to impinge against the substrate 5. tn 
this way. the sputter etching Is carried out. in this 
connection, it should be mentioned that a uniform 
distribution of density of the plasma 15 located 
over the substrate 5 can be realized by dimension- 
ing the cavity 12 such that the axis-symmetricaJ 
mode of the microwave may prevail within it, 

Rg. 2 shows a sputter etching apparatus ac- 
cording to a second embodiment of the present 
invention. This sputter etching apparatus is also 
composed of a vacuum chamber 1 . a plasma gen- 
erating unit 2, an evacuating system 3 and a gas 
supply system 4 in an arrangement similar to that 
of the first embodiment except that a bar 16 is 
coaxially disposed within the cavity 12 constituting 
a part of the plasma generating unit, whereby the 
cavity 12 Is implemented in the form of a coaxial 
cavity. With the structure of the sputter etching 
apparatus according to the second embodiment 
described above, the microwave fed Into the cavity 
12 exhibits a coaxial mode within the cavity 12. 
whereby the axis-symmetrical mode of the micro- 
wave can be easily established more stably within 
the cavity 12, which in turn means that uniform 
distribution of density of the plasma 15 over the 
substrate 5 within the vacuum chamber 1 can be 
realized more stably. 

According to the first and second embodiments 
of the invention described above, the plasma of 
high density generated by the plasma generating 
unit utilizing the microwave as the excitation or 
ionization source can be transformed to an axis- 
symmetrical stable plasma of the high density by 
virtue of the provision of the cavity matching ele- 
ment 13 for adjusting the cavity dimension as well 
as the coaxial bar 16. wherein the density of plas- 
ma can be controlled by correspondingly control- 
ling the power or energy of the microwave. On the 
other hand, the sputter etching of a substrate by 
using the plasma can be carried out by controlling 
the power supply connected to the etching elec- 
trode 6. More specifically, rate of etching and en- 



ergy with which ions tx^mbard the substrate can be 
separately controlled. Further, because of availabil- 
ity of a high-density plasma through Ionization by 
the microwave, speeding-up of the etching treat- 

5 ment can be attained with the possibility of damag- 
ing the substrate being significantly reduced. 

The results of the sputter etching performed on 
a thermally grown oxide film (SIO2) formed on a 
substrate made of Si by employing the sputter 

70 etching apparatus of the structures described 
at50vo are graphically illustrated in Rg. 3 compara- 
tively with the results of the etching of the oxide 
film performed with the prior art apparatus. More 
specifically. Rg. 3 illustrates relationships between 

;5 the high-frequency power applied to the substrate 

5 and the etching rate (nm/min.) with the micro- 
wave powers being used as parameters. As will be 
seen from Rg. 3, remarkably increased etching 
rate can be attained when compared with the prior 

20 art apparatus. 

The specimen as well as the etching conditions 
adopted In the measurements mentioned above are 
as follows: 

(1) Specimen: Si-substrate having a ther- 
25 mally grown oxide film formed on a surface. 

(2) Atmospheric gas; Ar-gas at 10"^ to 10"' 

Torr. 

(3) Microwave power: 200 W and 400 W 
changed over In the two measurements, respec- 

30 tively. 

(4) High-frequency power: 1.2 kW at maxi- 
mum. 

Next, sputter etching apparatuses according to 
other embodiments of the present Invention will be 

35 described by referring to Rgs. 4 to 1 0. 

Rg. 4 shows a sputter etching apparatus ac- 
cording to a third embodiment of the Invention. 
This apparatus Is composed of a vacuum chamber 
1. a plasma generating unit 2. an evacuating sys- 

40 tem 3 and a gas supply system 4. Disposed fixedly 
within the vacuum chamber 1 is a sputter etching 
electrode (hereinafter called simply as etching 
electrode) 6 on which a substrate 5 to be etched 
by sputtering is disposed and which electrode is 

45 mounted in the vacuum chamber 1 through an 
interposed flange 7 serving to isolate electrically 
the vacuum chamber 1 from the etching electrode 

6 in a vacuum-tight manner. The etching electrode 
6 has a projection 9 extending outwardly and con- 
so nected electrically to a power supply source 8. The 

plasma generating unit generally denoted by the 
numeral 2 is constituted by a microwave generat- 
ing source 10. a waveguide 11. a cavity 12. a 
matching element 13. an electrically conductive bar 
55 16 and a microwave injection or radiation window 
14 through which the microwave is introduced into 
the vacuum chamber 1. Additionally, magnets id 
are disposed around a space defined between the 
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injection window 1 4 and the etching electrode 6. 

With the structure of the sputter etching ap- 
paratus described above, a microwave is generated 
by the microwave generating source 10 to be fed 
into the cavity 12 by way of the waveguide 11. 
Through adjustment of the matching member 13, 
there can be established in the cavity 12 the con- 
ditions for the resonance cavity for the microwave, 
as the result of which the electric field of the 
microwave within the cavity 12 Is intensified. The 
atmospheric gas fed into the vacuum chamber 1 
from the gas supply system 4 Is ionized under the 
action of the microwave introduced into the vacuum 
chamber l through the inlet window 14, whereby a 
plasma 20 is produced. A sectional view taken in 
the direction thicknesswise of the magnets 16 dis- 
posed around the periphery of the plasma 20 is 
shown in Fig. 5. Parenthetically, it should be men- 
tioned that although the magnets 18 are shown as 
constituted by permanent magnets in the instant 
embodiment, these magnets 18 can of course be 
implemented as electromagnets- Refenring to Fig. 
5. an even number of the magnets 18 are arrayed 
in a ring-like form with dh/isions in the circumferen- 
tial direction. The polarities of these magnets at 
inner and outer peripheral poles thereof are al- 
ternately exchanged from one to another so that 
magnetic lines of force run along the inwardly 
bulging paths (the magnetic field of such pattern is 
referred to as the multi-cusp magnetic field com- 
monly employed for confining the plasma). By vir- 
tue of this arrangement of the magnets, the plasma 
20 is confined within a definite space located 
above the substrate 5, whereby the plasma 20 can 
be easily produced not only with high stability even 
in a low vacuum range but also with a high density. 
Further, the density of the plasma 20 can be con- 
trolled up to a limit value at which the microwave 
can no more transfer energy to the plasma 20 in 
the course of propagation therethrough, by cor- 
respondingly controlling the microwave power as 
inputted. (By way of example, the plasma density 
can be increased up to 7.4 x 10^^ ^cm^ at the 
microwave frequency of 2.45 GHz.) Ions of the 
plasma produced in this way are accelerated under 
the voltage applied to the substrate 5 by way of the 
etching electrode 6 from the power supply source 
8 thereto (in this illustrative case, a high-frequency 
pp" vr is applied), whereby the ions are caused to 
impact against the substrate 5. Thus, the sputter 
etching of the substrate 5 takes place. It should be 
mentioned that by dimensioning the cavity 12 so 
that the axis-symmetrical mode of microwave pre- 
vails within the cavity 12. there can be realized a 
uniform distribution of density of the plasma 20 
over the substrate 5. The cavity 12 is of a coaxial 
type in which the electrically conductive bar 16 is 
mounted at the center of the cavity. It should 



however be noted that similar effects can be ob- 
tained with the cavity of other type where no co- 
axial conductive bar is employed. 

In the foregoing description, it has been as- 

5 sumed that the inlet or injection window 14 is 
formed of a quartz plate. However, this window 
may also be formed of any insulation material such 
as ceramics exemplified by alumina or the like 
which has impermeability to gases and is less 

ro susceptible to absorption of the microwave, since 
the microwave injection window 14 must serve also 
as a partitioning wall between the cavity 12 and the 
vacuum chamber i . 

Fig. 6 shows a sputter etching apparatus ac- 

rs cording to a fourth embodiment of the invention. 
This apparatus is composed of a vacuum chamber 
1. a plasma generating unit 2. an evacuating sys- 
tem 3 and a gas supply system 4 in a substantially 
same structural configuration as the third embodi- 

20 ment described above in conjunction with Fig. 4 
except for a difference that ring-like coils 22a and 
22b are employed in place of the ring-like magnet 
array 1 8 in the third embodiment. More specifically, 
the ring-like coils 22a and 22b are disposed co- 

25 axially in two stages in the vertical direction and 
supplied with electric currents in the directions 
opposite to each other so that the magnetic lines of 
force produced by these two coils are closed to 
each other around a definite space over the sub- 

30 strate 5. whereby the plasma can be confined 
within the space without diffusing outwardly in the 
radial direction, in other words, confinement of the 
plasma can be realized stably, whereby the plasma 
of high density can be produced with high effi- 

3S ciency. 

Figs. 7 and 8 show fifth and sixth embodiments 
of the invention each having a structure similar to 
that of the fourth embodiment shown in Fig. 6 
except that the two stages of coils 22a and 22b are 

40 replaced by a pair of ring-like permanent magnets 
23. More specifically, in the case of the sputter 
etching apparatus shown in Fig. 7, the paired ring- 
like permanent magnets 23 arrayed vertically are 
magnetized in opposition to each other in the cir- 

45 cumferential direction of the ring, as indicated by 
arrows 21a. With such arrangement of the paired 
permanent magnet rings 23. the magnetic lines of 
force generated by the magnet rings are closed to 
each other around the space over the substrate 5 

so to thereby confine the plasma 20 within that space. 
In contrast, in the case of the structure shown in 
Rg. 8. the paired ring-like magnets 23 are mag- 
netized opposite to each other in the thicknesswise 
direction, as indicated by arrows 21 b. Also with this 

55 arrangement, substantially similar effect as that of 
the apparatus shown in Fig. 7 can be obtained, in 
other words, the plasma 20 is effectively confined 
within the space over the substrate 5. 
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Rg. 9 shows a seventh embodiment of the 
invention which is implemented in the same struc- 
ture as that of the fourth embodiment shown in Rg. 
6. More specifically, in the case of the seventh 
embodiment a pair of ring-like coils 22a and 22b 

' are employed as the magnetic field generating 

means as in the case of the fourth embodiment 
shown in Rg. 6, However, difference from the 
fourth embodiment is seen in that both coils 22a 
and 22b are so connected as to conduct the re- 
spective electrical currents in the same direction so 
that the magnetic lines of force generated by both 
coils 22a and 22b bulge inwardly, as indicated by 
arrows 21c. to thereby prevent the plasma 20 from 
diffusing radially outwardly. 

Rg. 10 shows an. eighth embodiment of the 
present invention which is similar to the seventh 

\ embodiment shown in Rg. 9 except that the paired 

coils 22a, 22b are replaced by paired ring-like 
magnets generally denoted by 24. The paired ring- 
like magnets 24 are magnetized in the radial direc- 
tion with opposite polarities to each other. The 
magnetic field pattern indicated by arrows 21 d is 
substantially similar to the pattern of the magnetic 
field generated in the apparatus shown in Rg. 9. 
Thus, the eighth embodiment can exhibit the effect 
of confining the plasma 20 within the space over 
the substrate 5. 

The result of the sputter etching performed on 
the substrate 5 consisting of a silicon wafer having 
a thermally grown oxide (SiOz) film formed over a 
surface thereof by using the sputter etching ap- 
paratus of the structure shown in Fig. 4 Is illus- 
trated in Rg. 1 1 comparatively with the result of the 
sputter etching carried out with the apparatus 
equipped with no magnetic-field generating means. 
In Rg, 11. etching rate is taken along the ordinate 
with the distance from the center of the wafer being 

) taken along the abscissa. 

Etching Conditions 

Substrate: silicon wafer having a thermally grown 
oxide (SiOs) film. 
Etching gas: argon <Ar), 
Pressure: 5x10-3 Torr. 
Microwave power: 400 W, 

HIgh-Frequency Power: 600 W (applied to the sput- 
ter etching electrode). 

As will be seen from the illustration in Rg. 1 1 , 
a curve 81 representative of the etching rate re- 
alized with the apparatus equipped with the plasma 
confining magnet array is in a relatively flat form 
over the distance extending from the center of the 
wafer to the periphery thereof, demonstrating .that 
the uniformity in the etching rate is improved. On 



the other hand, a curve 82 representative of a 
control case where no magnet array is employed 
shows that the etching rate is decreased toward the 
periphery of the wafer, indicating a significant dif- 
5 ference in the etching rate at the center portion of 
the wafer. 

Rg. 12 shows relationship between the etching 
rate and the high-frequency power applied to the 
sputter etching electrode 6 on the same etching 

70 conditions as those of the preceding example. A 
curve 91 represents the relation obtained with the 
sputter etching apparatus equipped with the mag- 
net array according to the invention, a curve 92 
represents the etching rate obtained with the ap- 

?5 paratus having no plasma confining magnet array 
and a curve 93 represents the etching rate attained 
with the prior art parallel plate type apparatus hav- 
ing no microwave plasma generating means. As 
will be seen in Rg. 11 . the curve 91 shows that the 

20 etching rate or speed can be significantly in- 
creased according to the embodiments of the in- 
vention equipped with the plasma confining magnet 
array over the other examples for control. 

The etching conditions for the measurements 

25 mentioned at>ove are as follows: 

Substrate: silicon wafer having a thermally grown 
oxide (SiOz) film formed on a surface. 
Etchant gas: argon (Ar). 
Pressure: 5 x 10~^ Torr. 

30 Microwave power: 400 W (in the case of the curves 
91 and 92). 

As will be understood from the characteristic 
curves mentioned above, diffusion of the plasma is 
positively prevented by employment of the 

3S magnet(s) or coil(s) in the manner described 
hereinbefore, whereby the plasma density at the 
peripheral portion in particular is increased, result- 
ing in that the sputter etching rate on an average is 
increased. Among the others, the sputter etching 

40 rate at the peripheral portion of a substrate which 
has presented a problem in the prior art can be 
increased with the uniformity in the sputter etching 
rate being simultaneously enhanced. It has been 
found from the currently available data that de- 

45 viation in the sputter etching rate between center 
portion and the peripheral portion is in the range of 
t5% in the case of the treatment carried out with 
the sputter etching apparatus equipped with the 
magnetic field generating means according to the 

so invention, while in the control case where no mag- 
netic field generating means is incorporated, the 
deviation amounts to ±20%. 

As will now be appreciated from the foregoing 
description, it is possible according to the teaching 

55 of the present invention that the plasma can be 
produced at a high density by means of a plasma 
generating unit operative based on the microwave. 
Further, by implementing the cavity as a micro- 
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wave cavity resonator of the axis-symmetrical 
mode by adjusting the dimension of the cavity by 
means of the matching element 13 and the coaxial 
electrically conductive bar 16. there can be pro- 
duced a stable plasma of high density in an axis- 
symmetrical form, whereby the speeding-up of 
etching operation and reduction of damage to the 
substrate can be achieved. 

Besides, since the generation of plasma can be 
controlled by correspondingly controlling the micro- 
wave power while energy at which ions in the 
plasma impact against the substrate can be con- 
trolled independently from the microwave power 
control by providing separately a second power 
supply source 8 for applying the high-frequency 
power to the etching electrode 6. the etching rate 
and the ion impact energy can be controlled sepa- 
\ rately from each other. This implies that the opti- 
mum etching conditions can be selected for each 
substrate to be treated, which in turn results in an 
increased yield of the sputter-etched substrates. 

Additionally, by virtue of the previously men- 
tioned arrangement that the plasma is produced 
with high density by utilizing the microwave with 
the cavity dimension being so adjusted by the 
cavity matching element 13 and the coaxial stud 16 
that the microwave cavity resonator of axis-sym- 
metrical mode is realized and that diffusion of 
plasma at the peripheral portion thereof is pre- 
vented by the magnetic field, there can be pro- 
duced a stable plasma exhibiting the axis-sym- 
metry with high density even at a low vacuum 
level, whereby the etching can be carried out on at 
an increased speed while decreasing the possibility 
of injury to the substrate, because the radially 
outward diffusion of the plasma at the peripheral 
portion thereof can be positively prevented by the 
magnetic field. 

) Now. a plasma treatment apparatus according 

to a ninth embodiment of the Invention will be 
described by referring to Rgs. 13 and 14. In Rg. 
13. a reference numeral 31 denotes an activating 
chamber having a microwave inlet window 32 and 
a microwave introducing or injection member 14a 
formed of a material such as quartz, alumina or the 
like which has a vacuum sustaining capability and 
transmissibility to the microwave. The microwave 
injection member 14a projects inwardly of the ac- 
tivating chamt>er 31 which constitutes a cavity res- 
onator for the input microwave and is adapted to 
be varied in its dimension by means of a plunger 
13 serving as the matching means. The activating 
chamber 31 has a bottom wall or plate provided 
with a plurality of biow-out holes 35. Further, a first 
feed port 36 for a reactant gas is connected to the 
activating chamber 31 in the vicinity of the micro- 
wave inlet window 32. 

Mounted under the outlet portion of the activat- 



ing chamber 3i constituted by the blow-out holes 
35 is a reaction chamber la which has a bottom 
formed with evacuation ports 8. Mounted within the 
reaction chamber la at the center portion thereof is 

s a supporting stage 6 on which a substrate 5 to be 
treated is disposed. The stage 6 incorporates a 
heater 37 so that the temperature of the stage 6 
can be set at a desired value. The stage 6 and 
hence the substrate 5 is electrically insulated from 

10 the reaction chamber la and electrically connected 
to a high-frequency power supply source 8. The 
bottom wall of the activating chamber 31 provided 
with the blow-out holes 35 so as to face toward the 
substrate 5 is further provided with a plurality of 

75 gas supply holes 34 formed alternately with the 
biow«out holes 35 (in such a manner as illustrated 
in Fig. 14). wherein the gas supply holes 35 are 
communicated to a second gas supply header or 
port 33. Installed in association with the activating 

20 chamber 31 on the side of the microwave inlet 
window 32 a microwave generating source 10 
equipped with a tuner for establishing the matching 
between the activating chamber 31 and the in- 
cident microwave and a monitor for measuring 

25 powers of the incident microwave and reflected 
microwave. 

With the abovementioned structure of the plas- 
ma treatment apparatus according to the ninth em- 
bodiment of the invention, a gas difficult to activate 

30 (e.g. N2O or O2 in the case of the substrate to be 
deposited with an oxide film of Si02 or N2O for the 
substrate to be deposited with a SisN^-film) is 
supplied to the activating chamber 31 through the 
gas supply port 36 while a gas easy to activate 

35 (e.g. Si Hi gas for the substrate to be formed with a 
$162 or SisNi film) is supplied through the gas 
supply port 33 to the reaction chamber la. In the 
meanwhile, the reaction chamber la and the ac- 
tivating chamber 31 are evacuated to a predeter- 

40 mined vacuum. Starting from this state, the micro- 
wave generating source 10 is turned on. By estab- 
lishing the matching between the microwave as 
supplied and the activating chamber 31. the micro- 
wave is introduced into the activating chamber 31 

45 through the microwave injecting member 14a, as 
the result of which a standing microwave is formed 
within the activating chamber 3i. Under the effect 
of the resulting electric field, the reaction gas sup- 
plied from the gas supply port 36 is ionized, giving 

50 birth to a plasma. In this connection, it should be 
noted that the microwave penetrates into the ac- 
tivating chamber 31 through the whole wall of the 
microwave injecting member I4a to thereby supply 
energy to the plasma of the reactive gas. whereby 

55 the plasma of high density (e.g. 7.4 xlO'^'cm^) can 
be formed along and over the whole outer surface 
of the projecting portion of the microwave injecting 
member 14a. The reactive gas activated by this 
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plasma is fed to the reaction chamber la in uni- 
formly distributed flows through the blow-out holes 
35, accompanying the evacuation through the ex- 
haust ports 38. Together with the reactive gas 
activated as described above, the gas easy to 
activate is supplied through the gas supply holes 
34 directly into the reaction chamber la and un- 
dergo reaction on the surface of the substrate 5 
heated to a predetermined temperature by the 
heater 37 through the plasma produced over the 
substrate 5 under the effect of the high-frequency 
power supplied from the high-frequency power 
supply source 8. whereby a film Is deposited on 
the surface of the substrate 5. 

As will be appreciated from the above elucida- 
tion, with the structure of the apparatus according 
to the instant embodiment, the plasma generating 
area within the activating chamber 31 can be in- 
creased while enlarging the microwave energy 
transfer area for the plasma, whereby microwave 
energy is absorbed with high efficiency by the 
plasma. Thus, the high-density plasma of a large 
volume can be produced within the activating 
chamber 31 , as the result of which activated reac- 
tive gas of high concentration can be produced and 
transported uniformly toward the substrate 5 
(specimen to be treated) over a short distance 
while maintaining the high concentration to undergo 
reaction at a significantly increased rate with the 
reactive gas activated by the plasma produced 
above the substrate 6. In this way, film formation 
can be accomplished at high speed without incur- 
ring any deterioration In the film quality. 

Rg. 15 shows a tenth embodiment of the 
present invention. According to this embodiment, 
the microwave inlet port to be connected to the 
activating chamber 31 is provided at the top of that 
chamber with the matching plunger 13 being 
spared. With the structure shown in Rg. 15. the 
adequate resonance state is rather difficult to es- 
tablish because of absence of the matching plung- 
er, whereby reflection power is likely to increase to 
a disadvantage. However, the microwave introduc- 
ing or injecting portion can be implemented in a 
simplified structure. Besides, the electrode as a 
whole can be realized in a reduced size. It has 
further been established that similar effects to 
those of the apparatus shown In Rg. 13 can be 
obtained in respect to the operation characteristics. 
The gas easy to activate is not exposed to the 
previously mentioned microwave-ionized plasma 
but activated by the plasma generated by a high- 
frequency power of a low level applied to the stage 
or electrode 6 to be thereby fed uniformly over the 
specimen to be treated to undergo reaction with 
the plasma generated by the microwave. Conse- 
quently, there arises no need for application of high 
power for Increasing the density of plasma pro- 



duced above the substrate. Further, such situation 
in which concentration only of the activated gas 
which is easy to activate is increased can be 
evaded, whereby the reaction at a rate approximat- 

5 ing to the stoichiometrical rate is increased. Thus, 
the formation of film is accomplished at a high 
speed without involving deterioration in the film 
quality. Besides, the gases excited by the micro- 
wave plasma and the high-frequency plasma, re- 

70 spectively. can be uniformly fed onto the substrate 
5 under treatment. This contributes tc formation of 
a highly uniform film of improved quality at a high 
speed. 

The plasma treatment apparatus described 
IS above includes two chamt>ers. i.e. an activating 
chamber 31 and a reaction chamber 19 in which a 
substrate or specimen 5 to be treated is contained. 
Within the activating chamber 31, plasma of high 
density on the order of 7.4 x lO^^/cm^ can be 
20 produced due to the discharge of the microwave. 
Because of absence of any magnetic field, the 
microwave can no more propagate through the 
plasma when the high plasma density mentioned 
above is attained and is reflected at the boundary 
25 surface of the plasma, making it impossible to 
further increase the plasma density. In this connec- 
tion, however, it should be appreciated that im- 
plementation of the microwave injection member 
14a in the convex-like projecting structure contri- 
00 butes to increasing in the area over which the 
microwave is brought into contact with the plasma, 
whereby the volume of plasma is correspondingly 
increased. Further, by designing the activating 
chamber 31 so as to satisfy tiie resonance con- 
as dition, ignition of plasma as well as generation of 
stable plasma is facilitated. Consequently, activa- 
tion of the gas which is inherently difficult to ac- 
tivate and supplied into the activating chamber 31 
can be enhanced in an arbitrary manner. 
40 A structure of a flat plate or wall provided at 

tiie boundary between the activating chamber 31 
and the reaction chamber la makes it possible to 
supply the activation-difficult gas activated in the 
activating chamber 31 and the activation-easy reac- 
45 tive gas uniformly over the specimen 5 to be 
treated. With this structure, the distance between 
the activating chamber 3i and the substrate 5 to 
be treated can be shortened. For realizing the 
supply of the activated gas from the activating 
50 chamber 31 uniformly toward the substrate 5 to be 
treated without lowering concentration of tfie ac- 
tivated gas, a plurality of gas blow-out holes 34 are 
formed in the boundary plate or wall mentioned 
above In the direction facing toward the substrate 
55 5. The activating chamber 31 is located in opposi- 
tion to the substrate 5 across the boundary plate. 

It should again be mentioned tiiat the gas 
activated in the activating chamber 31 is such 
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species of gas which is inherently difficult to ac- 
tivate. On the other hand, the gas easy to activate 
is supplied to the reacting chamber la directly over 
the substrate 5 without passing through the activat- 
ing chamber 31 to be activated by the plasma 
which is produced above the substrate 5 by the 
high-frequency power of a low level applied to the 
substrate 5 by way of the electrode 6. For ensuring 
the uniform supply of the gas easy to activate to 
the substrate 5. a plurality of holes 34 connected to 
the gas supply port 33 are formed in the boundary 
plate alternately with the blow-out holes 35 which 
communicate with the activating chamber 31 . 

By virtue of the structural arrangement de- 
scribed above, concentration of the activated gas of 
the species difficult to activate can be increased 
independently. The gas thus activated in the ac- 
tivating chamber 31 can be supplied uniformly over 
the substrate 5 without lowering the concentration. 
On the other hand, the gas easy to activate can be 
activated only by the plasma of a low power above 
the substrate 5 without need for increasing the 
density through the action of the microwave. Thus, 
it is possible to control properly the ratio of con- 
centrations of the plural activated gases so that 
formation of the film can be realized at an in- 
creased speed. Uniformity of the gas supply to the 
substrate or specimen 5 to be treated can be 
assured by the boundary plate provided with the 
gas discharge holes 34 and 35 formed so as to 
face toward the specimen 5. 

Within the reaction chamber 19. the gas easy 
to activate as introduced through the holes 34 
formed in the boundary plate is activated by the 
low density plasma produced over the substrate 5 
and reacts with the activated gas originating in the 
activating chamber 31 on the surface of the sub- 
strate to form a film by deposition. 

In this manner, the reactant gases can be ac- 
tivated independent of each other by the separate 
plasmas and supplied uniformly to the substrate 
with high efficiency, whereby the film of high qual- 
ity can be formed uniformly at an increased speed. 

As will now be appreciated from the foregoing 
description, in the apparatus according to the in- 
vention, the activating chamber for activating a 
reactant gas and a reaction chamber for treating a 
sample or specimen are provided independent of 
each other, wherein the activating chamber is re- 
alized as the cavity resonator for the incident mi- 
crowave so as to generate plasma stably even In a 
low vacuum range (lower than 1 Torr). The micro- 
wave introducing or injection member 1 4a is so 
mounted as to project at least partially into the 
interior of the activating chamber 31 for the pur- 
pose of increasing the area over which the plasma 
as produced is brought into contact with the micro- 
wave. By virtue of this arrangement, a large volume 



of plasma of the reactant gas can be generated 
along and over the projecting surface of the micro- 
wave injecting member I4a with high density on 
the order of 7.4 x lO'^ cm^ at the microwave fre- 

5 quency of 2.45 GHz. The reactant gas is fed into 
the plasma of high density, whereby even the gas 
which is inherently difficult to activate can be ac- 
tivated to a high concentration in the course of 
passing through the plasma over relatively long 

10 distance. The gas thus activated Is introduced into 
the reactor chamber la through the blow-out holes 
35. Because of the short distance to the specimen 
to be treated as well as low vaccum in the reaction 
chamber and uniform distribution of the blow-out 

/5 holes 35. the activated gas can be uniformly fed 
toward the specimen under treatment. 
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Claims 



1. A sputter etching apparatus including a 
vacuum chamber (1) provided with gas supply 
means (4) and evacuating means (3). and a sputter 
etching electrode (6) disposed within said vacuum 

25 chamber (1) for supporting thereon a substrate (5). 

wherein said sputter etching apparatus further 
comprises: 

means (2) for generating plasma (15: 20) by 
applying microwave energy, said plasma generat- 
30 ing means (2) being disposed in opposition to said 
sputter etching electrode (6); 

voltage applying means (9) provided in 
association with said sputter etching electrode (6) 
for causing ions in said plasma to impact against 
35 said substrate (5); 

a first power supply (10) provided in associ- 
ation with said plasma generating means (2) for 
generating the plasma: and 

a second power supply (8) provided indepen- 
40 dent of said first power supply (10) for supplying 
said voltage for causing the ions to impact against 
said substrate (5). 

2. A sputter etching apparatus according to 
claim 1. wherein a high-frequency electric power is 

45 applied to said sputter etching electrode (6). 

3. A sputter etching apparatus according to 
claim 1 . wherein said plasma generating means (2) 
is composed of a microwave generating source 
(10). a cavity (12) and a microwave injecting win- 
so dow(l4). 

4. A sputter etching apparatus according to 
claim 2. wherein said plasma generating means (2) 
is composed of a microwave generating source 
(10). a cavity (12) and a microwave injecting win- 

55 dow(i4). 

5. A sputter etching apparatus according to 
claim 3. wherein said cavity (12) constituting a part 
of said plasma generating means (2) Is provided 



12 



23 



BP 0 300 447 A2 



24 



with matching means (13) for allowing said cavity 
(12) to serve as a cavity resonator for said micro- 
wave. 

6. A sputter etching apparatus according to 
claim 4, wherein said cavity (12) constituting a part 
of said plasma generating means (2) is provided 
with matching means (13) for allowing said cavity 
(12) to serve as a cavity resonator for said micro- 
wave. - 

7. A sputter etching apparatus according to 
claim 3, wherein said cavity (12) of said plasma 
generating means (2) is implemented in a coaxial 
structure. 

8. A sputter etching apparatus according to 
claim 4. wherein said cavity (12) of said plasma 
generating means (2) is implemented in a coaxial 
structure. 

9. A sputter etching apparatus according to 
claim 5. wherein said cavity (12) of said plasma 
generating means (2) is implemented in a coaxial 
structure. 

10. A sputter etching apparatus according to 
claim 6. wherein said cavity (12) of said plasma 
generating means (2) is implemented In a coaxial 
structure. 

11. A sputter etching apparatus according to 
claim 5. wherein said cavity (12) of said plasma 
generating means (2) is so dimensioned that said 
microwave exhibits an axis-symmetrical mode. 

. 12. A sputter etching apparatus according to 
claim 6, wherein said cavity (12) of said plasma 
generating means (2) is so dimensioned that said 
microwave exhibits an axis-symmetrical mode. 

13. A sputter etching apparatus according to 
claim 7, wherein said cavity (12) of said plasma 
generating means (2) is so dimensioned that said 
microwave exhibits an axis-symmetrical mode. 

14. A sputter etching apparatus according to 
claim 6. wherein said cavity (12) of said plasma 
generating means (2) is so dimensioned that said 
microwave exhitjits an axis-symmetrical mode. 

15. A sputter etching apparatus according to 
claim 9, wherein said cavity (12) of said plasma 
generating means (2) Is so dimensioned that said 
microwave exhibits an axis-symmetrical mode. 

16. A sputter etching apparatus according to 
claim 10, wherein said cavity (12) of said plasma 
generating means (2) is so dimensioned that said 
microwave exhibits an axis-symmetrical mode. 

17. A sputter etching apparatus according to 
any one of claims 3 to 16, wherein said microwave 
Injecting window (14) is formed of an electrically 
insulating material less susceptible to absorption of 
the microwave to serve for both functions for for- 
ming a partition wall to define said vacuum cham- 
ber (1) and for transmitting the microwave into said 
vacuum chamber. 



18. A sputter etching apparatus according to 
claim 17. wherein said electrically insulating ma- 
terial IS selected from a group consisting of quartz 
and ceramics. 

5 19. A sputter etching apparatus Including a 

vacuum chamber (1) provided with gas supply 
means (4) and evacuating means (3). and a sputter 
etching electrode (6) disposed within said vacuum 
chamber (1) for supporting thereon a substrate (5), 

10 means (2) for generating plasma (20) by applying 
microwave energy, said plasma generating means 
(2) being disposed on said vacuum chamber (i) in 
opposition to said substrate (5) with a microwave 
injection window (14) being interposed between 

15 said plasma generating means (2) and said vacuum 
chamber (1). voltage applying means (9) provided 
in association with said sputter etching electrode 
(6) for causing ions In said plasma to impact 
against said substrate (5). a first power supply 

20 source (10) provided In association with said plas- 
ma generating means (2) for generating the plasma 
(20). and a second power supply (8) provided in- 
dependent of said first power supply (10) for sup- 
plying said voltage for causing the ions to impact 

25 against said substrate (5). 

wherein magnetic field generating means (18; 
22a. 22b; 23; 24) is provided for generating a 
magnetic field (21a; 22b; 21c; 21 d) in such a man- 
ner in which said plasma (20) produced within a 

30 space defined between said substrate (5) and said 
microwave injection window (14) is peripherally sur- 
rounded by the magnetic lines of force. 

20. A sputter etching apparatus according to 
claim 19. wherein a high-frequency electric power 

35 is applied to said sputter etching electrode (6). 

21. A sputter etching apparatus according to 
claim 20, wherein said plasma generating means 
(2) is composed of a microwave generating source 
(10), a cavity (12) and a microwave Inlet window 

40 (14). 

22. A sputter etching apparatus according to 
claim 20, wherein said cavity (12) constituting a 
part of said plasma generating means (2) is pro- 
vided with matching means (13) for allowing said 

45 cavity (12) to serve as a cavity resonator for said 
microwave. 

23. A sputter etching apparatus according to 
claim 21. wherein said cavity (12) constituting a 
part of said plasma generating means (2) is pro- 

50 vided with matching means (13) for allowing said 
cavity (12) to serve as a cavity resonator for said 
' microwave. 

24. A sputter etching apparatus according to 
claim 22. wherein said cavity (12) of said plasma 

55 generating means (2) is implemented in a coaxial 
structure. 
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25. A sputter etching apparatus according to 
claim 23. wherein said cavity (12) of said piasma 
generating means (2) is implemented in a coaxial 
structure. 

26. A sputter etching apparatus according to 
claim 22. wherein said cavity (12) of said plasma 
gene- rating means (2) is so dimensioned that said 
microwave exhibits an axis-symmetrical mode. 

27. A sputter etching apparatus according to 
claim 23. wherein said cavity (12) of said plasma 
gene- rating means (2) is so dimensioned that said 
microwave exhibits an axis-symmetrical mode. 

28. A sputter etching apparatus according to 
claim 24, wherein said cavity (12) of said plasma 
gene- rating means (2) is so dimensioned that said 
microwave exhibits an axis-symmetrical mode. 

29. A sputter etching apparatus according to 
claim 25. wherein said cavity (12) of said plasma 
gene- rating means (2) is so dimensioned that said 
microwave exhibits an axis-symmetrical mode. 

30. A sputter etching apparatus according to 
any one of claims 19 to 29. wherein said micro- 
wave injecting window (14) is formed of an elec- 
trically insulating material less susceptible to ab- 
sorption of the microwave to serve for both func* 
tions for forming a partition wall to define said 
vacuum chamber (1) and for transmitting the micro- 
wave into said vacuum chamber. 

31. A sputter etching apparatus according to 
claim 30. wherein said electrically insulating ma- 
terial is selected from a group consisting of quartz 
and ceramics. 

32. A sputter etching apparatus according to 
claim 19. wherein said magnetic field generating 
means is consti- tuted by a ring-like array (18) of 
magnets magnetized in the radial direction with 
polarities thereof being inverted alternately from 
one to another along the circumferential direction. 

33. A sputter etching apparatus according to 
claim 19. wherein said magnetic field generating 
means is constituted by a pair of ring-like magnets 
(22a. 22b; 23: 24) one of which is disposed to the 
side of said microwave inlet window (14) with the 
other being disposed to the side of said etching 
electrode (6). 

34. A sputter etching apparatus according to 
claim 33. wherein said pair of ring-like magnets are 
constituted by coils, respectively. 

35. A sputter etching apparatus according to 
claim 34. wherein said pair of ring-like coils are 
arranged to conduct electric currents in the direc- 
tions opposite to each other, respectively. 

36. A sputter etching apparatus according to 
claim 34. wherein said pair of ring-like coils are 
arranged to conduct respective electric current in a 
same direction. 



37. A sputter etching apparatus according to 
claim 33. wherein said pair of ring-iike magnets are 
constituted by permanent magnets, respectively. 

38. A sputter etching apparatus according to 
5 claim 37. wherein said pair of ring-like permanent 

magnets (22a. 22b) are magnetized circumferen- 
tially in the directions opposite to each other. 

39. A sputter etching apparatus according to 
claim 37. wherein said pair of ring-like permanent 

10 magnets (22) are magnetized thicknesswise in the 
directions opposite to each other. 

40. A sputter etching apparatus according to 
claim 37. wherein said pair of ring-like permanent 
magnets are radially magnetized in the directions 

75 opposite to each other. 

41. A plasma treatment apparatus, comprising: 
an activating chamber (31) equipped with 

plasma generating means (10. 32. I4a) and first 
raw gas supplying means (36): 

20 a reaction chamber (la) spatially coupled to 

said activating chamber (31) and containing means 
for supporting chamber (31) and means for sup- 
porting thereon a material (5) to be treated: 

evacuating means (38) for evacuating said 

2S activating chamber (31) and said reaction chamber 
(la) to a predetermined pressure: 

said activating chamber (31) being directly 
connected to said reaction chamber (la) for shor- 
tening the distance between said activating cham- 

30 ber (31) and said material (5) to be treated; and 

second raw gas supplying means (33. 34) for 
supplying a raw gas to said reaction chamber (la), 
which means is provided in said connecting por- 
tion. 

35 42. A plasma treatment apparatus according to 

claim 41 . wherein means (6. 8) for generating plas- 
ma is provided within said reaction chamber (la) 
independent of said activating chamber (31 ). 

43. A plasma treatment apparatus according to 
40 claim 42. wherein said second raw gas supply 

means includes a plurality of small holes (34) each 
of a predetermined diameter. 

44. A plasma treatment apparatus according to 
claim 43. said second raw gas supplying means for 

45 supplying a raw gas to said reaction chamber (la) 
being provided in a flat plate-like wall partitioning 
said reaction chamber (la) and said activating 
chamber (31) from each other, said activating 
chamber (3i) being disposed on said flat plate-like 

so wall, wherein a plurality of second holes each of a 
predetermined diameter are formed through said 
plate-like partition wall for introducing the first raw 
gas from said activating chamber (31) into said 
reaction chamber (la). 

55 45. A plasma treatment apparatus according to 

claim 44. wherein said holes for supplying said 
second raw gas to said reaction chamber (la) and 
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said second holes for supplying said first gas from 
said activating chamber (31 ) to said reaction cham- 
ber (la) are disposed alternately with each other. 

46. A plasma treatment apparatus according to 
claim 45, wherein microwave (10) is introduced into 
said activating chamber (31) for generating plasma. 

47. A plasma treatment apparatus according to 
claim 46. wherein a member for introducing the 
microwave into said activating chamber (31) is pro- 
vided with a projecting portion (14a). 

48. A plasma treatment apparatus according to 
claim 47. wherein said activating chamber (31) is 
dimensioned to satisfy resonance condition of the 
microwave. 

49. A plasma treatment apparatus according to 
claim 48. wherein one end portion (13) of said 
activating chamber (31 ) is movable. 

50. A plasma treatment apparatus comprising 
plasma treatment means (2) for generating a plas- 
ma from a microwave and reducing collision en- 
ergy, to a substrate, of charged particles or light 
occurring on the substrate without reducing a treat- 
ment speed. 

51. A plasma treatment apparatus according to 
claim 50. wherein said plasma treatment means (2) 
includes voltage applying means (8) for colliding 
ions of plasma with the substrate supported by a 
substrate holder and performing an etching, and 
microwave plasma generating means (1) for gen- 
erating the plasma from the microwave, said micro- 
wave plasma generating means for generating the 
plasma of high density to reduce said collision 
energy without reducing the etching speed. 

52. A plasma treatment apparatus according to 
claim 51, wherein said microwave plasma generat- 
ing means (2) includes gas supplying means (4) for 
supplying gas to a vacuum chamber (1) having 
said substrate holder, a microwave generating 
source (10). a cavity (12) and an inlet window (14) 
introducing the microwave from the cavity to a 
region opposite to the substrate of the vacuum 
chamber. 

53. A plasma treatment apparatus according to 
claim 52. wherein said cavity (12) Is formed of a 
cavity resonator. 

54. A plasma treatment apparatus according to 
claim 52, wherein said microwave plasma generat- 
ing means (2) further includes magnetic generating 
means (16) for forming a magnetic field on the 
substrate. 

55. A plasma treatment apparatus according to 
claim 50. wherein said plasma treatment means (2) 
includes heating means for heating a substrate 
holder supporting the substrate (5), an activating 
chamber <31) having means for generating the 
plasma from the microwave and means for sup- 
plying a first raw gas. a reaction chamber (la) 
combined adjacent to said activating chamber and 



having said substrate holder, and means (33. 34) 
for supplying a second raw gas to the combined 
portion of said reaction chamber the plasma of high 
density generated in said activating chamber caus- 
5 ing tiie first raw gas to t>e activated and supplied to 
said reaction chamber and reacted with Une second 
raw gas to reduce said collision energy without a 
film forming speed. 

56. A plasma treatment apparatus according to 
10 claim 55, further comprising means (3l) for activat- 
ing said second raw gas. 

57. A plasma treatment apparatus according to 
claim 56, wherein said means for activating is 
fonmed of means for applying a power to said 

75 substrate holder. 

58. A plasma treatment apparatus according to 
claim 55. wherein said combined portion is pro- 
vided at a position opposite to a surface of said 
substrate (5). 

20 59. A plasma treatment apparatus according to 

ciaim 58. wherein the first raw gas activated in said 
activating chamber (31 ) is supplied from said com- 
bined portion to said reaction chamber (la). 

60. A plasma treatment method comprising the 
25 steps of generating a plasma (15) from a micro- 
wave, and reducing collision energy, to a substrate 
(5), of charged particles or light occurring on the 
substrate to perform a plasma treatment. 

61. A plasma treatment metiiod according to 
30 claim 60, further comprising the step of performing 

an etching on said substrate (5). 

62. A plasma treatment metiiod according to 
claim 60. further comprising the step of forming a 
CVD film on said substrate (5). 
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